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'Description'.' ■ ■ ': 

The present inventioH relates to syhthetic peptides to their uise as universal ciarrie^^ for the preparation 
of immunogenic conjugates :and tofte us 

to Induce protective inrimunity against different pathogenic agents which is: hot gene^ ; 

■ slightly' so.- ■ ;■■ ■ ■::.■' ■ ■ -S;;- "v-"- ■ >:;■•;; : 
; The term "hapten" signifies a molecule a^ 

their formation or to inducie it to onjy kw ^intibbdy (not immunogeriic)^^^ 

Specifically, haptens Inplude^^^p^ molecules 
lated and purified from parthog^ 

more B epitopes of a natural antigen obtained by cheniical synthesis or via r^^^ 
The term "antigen": siginifl^^ to induce the ifpr^ 

:::;5mmunogenic) :a^ react with jHh^^ 
: Antigens inclu^ 

' ; : ■ 1m^ 

generally obtairied iiby iniiKiu lating^ -^^^^^^ : With :a ;yaca ;;;ja ^riatuml a^ 

;::(attenua^ 
: aritibbdies able to ife 

■ drawbacks deriving both^^ 

■i pbssible infection while: handling sai pathogenic niaterial. 
v: ; ; In^ addition; these ; yaccines|require^ p^ 

■{constitute ;an enormous problerriVes^^ countirieis/ o ; 

For all these -reasb 

■which contain not the whole: pafliojgferi w ; its products but Instead; short . 
segments of the natural 

T^ of sucit a yaccinisfi ther^^ 

>::t6::b0'used/ ' '"' . V ■ . ' ■ ::W.:yJy^ ■ ^^--T /; /: ^' :■■ " '■■ -^-'^ ' 
; It is known that an immune response towards a foreign agent by an o^ 
;6f various types of cells, namely antigen-presenting cells (APG), B^^I^ 
function as APC), T-helper (or; Th) :lyfnphc>cy^^ 
the cells infected by the pathogen. 

The immunity can be humoral; (mediated by celi- 
./■'rrietliated. [ . -.■^^^"i^': ' ■ \- } 

iGonsidering humoral imrhu 
tfiikt /the 3 lymphocytes circulating witiiini the :o antigenic ideteirminar^ 

substance (B epitope) and that the iilli icen^ the :; 

^- ^substance (T epitope). "■ 

Gonsequentiy two peptide; sequences i must b^ in ; the :s3^thetie ; vacci^ minimum 

: requirement for its effectivenesSil namely :the;:B epi^p© the T epitopei^; i ; 

: : possibili^^^^ using natural anti-pathogenic; £^ 
;^Gon^pncated:probIerhs^ . ';:,■::■■■ 

; ;:lri this respect, the first case;; irwolves dire the 

■ antigen, whei^as in the second vca^jse; the a^ clone specific tor:^^ 
:;;takes place only after this^^ 

; both in short peptide fragments, and then re-exteriorized on the surface of the APG i n association with a 
: mernbr molecule of the class : II cell (fo^^^ encoded by a^ g^^ 

patibility complex (MHC). The Th lymphocyte rece 
: complex formed between its fraginent ;and[ 
: These molecules are grouped; in three faitiN^ 
mouse; and are extremely polymbrjphous.- ; • - 

is due to a;;lai'ge:nuniber of alleles for each of th^: encbdirig- genes for this ^ 
This diversity allows a large number of combinations in a chro^ 
It is therefore very difficult jtoyfirid i^ 

mo, ■ "'\ , : ■-,/ • : ;', : ■ ; ' ■ ■ ■■'; 't'^'^lTJ, ^^;;:\':' '. v '? ; ' ■■■■ 

The fact tiiat only some of the; peptides; deriving ifronri^t^^ 
a hos^histocompatibiie antigen;; means host; which^^^^ 

the number of peptides able 1x5; fbrm a complex w 
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\ actiyartipn. of :1he::Th lymphocyte .' 

=: fragmefrib are restrieted in t^^^ 
.:...'are.;ass6c|atecl. ■ 
5 OTsistheba 
: absent or 
wide effectiyeh^^^ 

■ ■ ■individuals-:with''cnfferent • - ■ 

: Up to the present 
70 epitopes a macrdmolecule, also known as^ a^^ 
ride hapten deri>md fiwi 

for this purpose are the tetanus toxoid (TTH. the ^ 
henrtdcyanih (KiiHy^^ they provide the resultism^ 
yeornprisingsaii^^ 

■ '■ .75::-;:inidividuals;^havii^ 

^ :::^^^;;!^ different gene sets isire ablei^fe I: 

activate aa^^^^ nsspbnders • Ey^^ K ; 

; : aLppirc^^ efiteicti>^;^^i^^ 
: ; ; p due to thei^^ ; : 

;.- 20 -standardizirig : : : ; 

hapten as ?a iresuit^ 6^^^ 

^ which ^causisssujDpr^ss^ 

of ahti^hajpten: an^ production in an iridrvidual iaJresidy iirirp ; ; 

J/ Inrimunpl;; 140^(1988) 626]. 1^ 

25 protein to which the host 

■ ■ - - ■ vaccination,-.' f : -y :■ ; . " ■ : ■ i " - '' ^^-C^^ : ^-'-if ■■■ y': -S-'h -iy -P'-x^ :- ■ ■■■ ■/■] '' • }"- - 

: L In iaddlfldni^^ t^ 

epitope and a T epitope of the natural antigen^ has generally l<^ to an inrjmune ; response ; whiqh : i is : ; 
■■■■ genetically much more restricted, le ; a reduction in the; num [see : 

30 for example AR. Togna et ah, J. Iminnunol., 137 :{^ Giudice et al>;J, Irn 

(1986);:i962T2955::G^^^ 

Recently Fa^ 
tetanus toxin igehe and its charae^ 

■ C-1ragments;bf::said.;protein..^ . . 

35 ^ ^T^ 

, said;;protein/:'\.-.. , .. \ y-:;--^":^^^^ :■■■■ ;>::■.: r;;::;^^^^^^^^^ " 

U^E^sel et a|. [EMBO J. 5 (1986), 2495-^^^ ; V 

report the localization of the promoter of the g 

Eiser et ai; rie sugge^st M sequ^n^^^ 

40 Fairweather etyal/^^^ 

fragmentis of the tetanus toxin^^w high mblecOiar v^ight^ :;i 
; : tetiEmus.; Said work ^^^^ either: thepcx^aiizati 

the present ; invention - is^ t^ 

peptide-hapten coi^ug^ suitable f or deyejopihg ysyhthetic^ y ■ very wide i effe^yene^ 

45 protective against diff^ i ; 

This objed is^^^a^ y 
epitopes abie: to i>e recognised by numerous human 
alleles of the human major histocom 

acid sequence corresponding to that of said^:T ?; }:/■■■;■■ ^^;':/:r0:f^^ 

50 t^^ 

reisporjdingjto that^ iBcogrijsed by: n^ 

human TTi tell dp^ context of a wide :rahge :6f ai histbiOTmpatilJility^^^^^^^^^^^ 

■■■ ■ :/c6mplex.--:-.:- ■ ■■ . ■■. •■ :\- / ^: '^W ■■•.'i:^:Sl.■^ry■y:^■■'''■-/:y::■:'^ • 

The present invention still provides the ; use;:: o^ universal carners;;:in ! tho^^^^^;. ; 

55 jDreparatlon- of Immunogenic :Cohjugates:- ■^;:-V;^':'<^^ '■■^ *■ 

■ The present invention; further provides ihrimiunog 
cdvaiehtiy bound td a natui^al or synthietic p^^ 
■- . agent'of.interest. .- ■.■ 
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The present in veh^^ 

synthetic yaccinesh^^ : 
. . the present inverUi^ ; ■ i^^^^ 

gene sets against ijnfectip^^ ah: imnriunologically effective - 

■;-5;' ''.'quantity ■of-saidimmonbgeinfc 
Further object 

: ■ , _ ■"'exanriples.- ':V:.:' : ^ y-^-^^^ -i-'pi-'r .-iiv ■ . .-, ■ ; ■ J'z 

; 

T ceil; ciopes speci^^^^^^ a dohpr with ^ DR 3.5 genei^^;^^^^; 

10 set who had been Inmim unized with Jetarius toxoid i; as describeld by Lanzavecchia; A. , Nature 31 4, 537, 

TTie clones we^ tinder culture^ by ^ irr^iated . jperipheral b^ 

y nrvonpnucle aujologoiis. iji^ plus 1 % of Iji: v 

; ■ ' • ^'/phytohemaggjift^ .Vyi/.^^^^ ^ ;| . % ■ . " •". '■ - y^{;: '^^^^^^vfyMy^^ 

: : 515 : : : : ■ After • 5 days ttie' --T: : blasfeciBlls were} washed^l^; a^ nr)ed jum < RPMl ; i 640. 

• GIBCQ Laboratories, Paisley, Scotland) suppleaiented w^ 0^ of unactiyated : ca serum / 2m M L- ; f 
V ^ii gjutaiT^ a rnixttire 100 x of npri-^:i^^::x^^ 
:; xjessehtial airiinp acijds pIBCp which -^O units/riil: of; ■ (Hdffnfiahii-La^:^| 

: 2^ Calbipcheiri; La ^ 
Jolia; Qa;^ 

Typicafly the projif eratipn assaV: vyas cpnducted by : suspendin^^^^^; t^ t ceir clones in wel Is of ; a flat : 

: ; : ; bottonried plate in RPMIrC ; cu cx)ntairiing: di^ of said antigens, ■ in Ihe^ ' : : 

: p pf imn^prtEdized ;dr; fixed^a^^ of 

■ ■ ■ V '26 which was'to'pre ■■: 

: The B cells we^re iinnm^ known ;:nrTetlTO^ Epstein- §^ by suspendirig the : 

PBMC cells: in ;RPMI-<: cuto mSdjium contairii^ the -BSS.B cell lihie which produces 

the cells ; were: !fix^ 2067 (1984) by 

30 suspendirig them in Hank culture : niedium {GIBCOr Paisjey, Scc^Uarvj} ;an them with 0.05% of ; ; , ^ 

glutaraldehyde for half a^ m were; recovered ; : : ■ 

;-.-:-::by- centrifuging';iand:::repeatedly.;was^ 

The prollferatiofi reaction::waS:<^ 
< with 1 UCi of :(?H)-ttiyni^^ of cells incorporating the .^^^;^^;\^^^;;;^^: ; : ; 

35 radioactivity was^ deterniihed b^ minute' (cpm);bf^^^^^^^;^^:;^^^^^:^:^^^^^^■^^C:^^: ^^ 

a double culture, shpW^^ t^ 

• ■■.the*B-fragmerit. -""yV; ■■y- ■-:/■: y ' ..]''^'^ : ' -' ''S^''$^y^^ ■;■!:"■'■■'';■ . '^;^'-"'V-"^-' '^'''^ vV:'> 

In accordance with the jpiresieht invention and irii order to; more;; pjf^isely; :loealizei;ti^ epitopes i n the 
TT which had been recognised by siald dphes/; in vitro proliferation ;a^^ using as C 

^ : antigens different fragment 
: trypsin and chemotiypsirii with B with glutarajdehyd^ ais APC. 

: TMso used as antigens;; were peptide ; fragments;;ob^ known methods, by ;; :;:: 

:; : cultivating E, cdii : ceils trewns^ piasmid coritainjrtg;:tKe; h encoding foi^: ; :r 

■:;r' ::^■^-;:■' said'fragments.'' "■; ■; '-'-vv^v::;- '■ ^ ■ ' ■T ■ ■■^ ■■■-;■ -'-^^n--^^ ■■;;':"■'"■ •;•;':'■•; ' .." -V- ' ^V- ;--;v;-- V--'--v 

; ^ ■ Specifically, the followihig reepmbinaht^^^p^ tet ;€; (FF fragmient 40(5^743), Tet ; 1 5 ; ^;,^^^^^^^^ ; : ;;x : 

^^^^^ n^^^ ■■y^:::^:^:^:^:;^^^^^^ 

■■■ .■■:.; ■■; ^ / v.: -1-535). ; - ■ ■ :;^:;' ;/.;S- '■':;;/■ ^ ..y■^:■^ ' ' 1- .-;' , ■ ■;::■/■:; ^ ili J- ' . ■ [ ' -^'U^. ■■^■•r ■-!;::;■ ;./■• 

The results obtained enabled the sequences rec^ epitopes) in - the 

\-y-:-TJ segments $30-843, 830-844 and 1273-1284 of C>. to be identified. : ; I : ■ 
■ : ^ ; in accordance with the p^ by the clones ;;i 

::wa? therii deitermined by^ using: as ;;ApC an HAR: hpnrtozyg6te ; p3 ^ cell line The results 

\ obtai ned; showed th A ; t3<)ti[i i tipnes ; in the presence ; of ■ they did when : in the;::;;; ; ;|^ 
•'■•'•.-7 ■ presence .of the B;KK35'ceir^^ ■ 
Again, in orxJeir to determin 

; ; ; ■ 65; : used ; as the restriction elem^t;;b the aforesaid clones; proliferation ; assays ;;were coiidu^^^ by adding ahti- ; 

DRy -DP or -DQ nribnpclonal aiitibodie^ (Mabsy to the cultures^ ■ ■ ^ ' ^ ^ 

In this mannef it w^ of said clones. ^^^:^^^^^:^^^^;:^^o>;^; : :::^ 

; This indicated that :t^ MHG ias re^^^^ In accordiahce;^^ : I * 
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with the present in\renti6n peptides^iy^ to 
that of the T epitopes Identified a^ sta ; ^ 

SLnd 330-843 and 830-844 having the fol 


::v:;;':C;;:(her%under^^ 
/;vi;\:;^::Gln-TYr-l^ 

70 i deletions e 


75 


: 20 


■. -26^ 


30 


Iler-Lys-Ala-Asn-Se 

Gln-Tyr-Ile«-Lys-iVla^ y'- 
Gln^Tyr-IlelL^ .-.;•:>.. 
GIri-Ala-f l^-^Lys^Aia4^ • ; 

din-Phe-Ile--Lys^^ 
. GIri-Tyr-I le-Lys-AlarAsh^ 
:Gln^Tyr-Ile-^lu-A^ 


^■Gin-Tyr-lle;4^Ly^^ 


^4 : 

■ vjwith pne;of 'the .knoiwn-general methbdsii v ^ •} 

i ;§ 

; accordance With the strategy reported in; Exaiinples ; 2 and 3^ 

: i:^^^^^^:^;^:;!^ groups in: ttfe^^s^^ iiehaih; oif; thi9^^ acid residues were protiected using 

;> : protector groups chosen from those geherajly used iri peptide synthesis; T 
% ; ether XBu*y:;fo^ 

;: i : serine :i(Ser^ threonine ; (Thr) arid : ty r<)sine^ (ty^ for the gilutamip |cid (Glu) apd the ^ 


The suitably protect 


45 : The peprtide was renri^^ present Inyemtibhi using ah aqu^^ 

; ^ soiutiba tinnie required; to sin^ 

: rempye thb!^^^^ 

:: :: ;^his^ s^ peptides t6 ;t^^^ 

;::sub^^ with a hapten is the N-terminal igrpup. 

■ 50 : :Ci;;^^ 

pi^ai^ JHPLC'.ln'the usual /manner:"-. - 

: context of numerous alteles of the human; major histocomp^^ 
; : said peptides; were ; jparticul^^ ; suf^je ; ; as ujwersal carriefs^^^ ;to 
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In thls: respect they combine within themselves tlie advantages due to the entire tetanus tpxide 
sequence, ie the capaci^^ Induce the formation of anti-hapteh antibodi^^ most vaccinated individuals, : 
with tiie; advantages relating to their sm^l size: (hp epitope suppression; and more effective control of the 
; J conjuga^^ 

5 ; E>?a^P*6S of haptens which can be bound to said peptide carriers '. for; the preparation of immunogenic 
conjugates according present inyentioh i^^^ or poiyskx^harides derived from^ d^ 

pathogenic agents such meningococcti pheunniococci ; Haemophilus i nf luerizae, B-hemolytic streptococci : 
•\ '■_ • "iand ■ Escherichia':dpli V . ..; i ' , 

Haptens suitable for the purpose of the present invention are also those synthistic peptides having the \ 
70 sequence corresponding to that pf one or more B epitop^^ 

; The cpnjugiation betwe^^^ carrier according to the preserit invention and a hapten can be 

; ; effected using one of the conventional n^^^ 

Specifically, the conjugation ban t)e conducted using glutaraldehyde as binding agent, as repprted for 
examjDle by^vremas and Ternyck (Immunochemistry 6, 53, 1969), 
75 According to one embodiment of the present invention the peptides TT#1 and TT#2 were iised as 
universal canriers to improve the immunogenicity of synthetic peptides having an amino acid sequence ; / 
corresponding to that of the irnmunodominant B epitope of the circumsporpite protein (CSP) of Plashnipdium 
4 falciparum, which ts the etiblpgic ; agent of the most serious form of malaria (malignant tertian mafarla) in ; 
:: [y - max\. . .-. • :• :■:■/'■: ; ■■■ . ; .. ■ - V^. '■■"I'"-'' .: 'W^^-^i'^-A 

: / 20 : Said synthetic peptides, having the arhinp acid sequence H-(Asn-Ala-Asri-Pro)i„ in which n is betweeh 3 • 
and 40, were in fact not able to induce an anti-CSP anti body response in CBA/ca and bBA/2 niice (nbn- 
responder mice) [G. Del Giudice et aL, jV^^^^ 

In this respect it was shown that (NANP)n contained within its sequence one: or more f epitopes all : 
genetically restricted by the I- A**^^a^ 
■ ■:■";. ■ 25 -.;EilJ?'rniQe. ;.. : ■ 

Sdd peptides were prepared as described in Italian pateht application 2 A/85, by polyrnerizing th^^i 
activated monomer HCI. H-Asn-Ala-Asn-P^ 

Iri accordance with the present invention the peptide carrier-(NANP)n conjugates were prepared by 
reacting the aldehyde groups with the terminiSI amino group of the asparagine (Asn) of ; 

30 (NAN P)n and with the terminal amino group of the cau'rier. The conjugation re^^ was implemented in two : 
;- V stages. In the first stage the NANP)n was left to react in a phosphate buffer (pH 7.4) with an excess of 

glutaraldehyde <OHCCH2CH2CH2CHp) under neutrality conditions to give rise to the formation * by aldol:, ;> 
autocondensation, of the polymer with aldehyde ^^^/^^^ ^^^^^^:^;^ ; ;; ; 


40 


CHd 


•CHD 


r :- 

C - <CHa)a- CHO 


which seems to be the effective conjugation agent. 

Oh termination of the conjugation reaction, the resultant product (NANP)n-glutaraidehi/<Je was purilie<l ; 
45 by gel filtration from the unreacted glutaraldehyde. 

In the second stage, the (NANP)n-glutaraldehyde conjugate was reacted in a phosphate buffer (pH 7.4) 
or in dimethylsulphoxide (DMSO) with a molar excess of the peptide carrier (between 2:5 and 25) with 
respect to the (NANP),i-glutaraldehyde conjugate, so utilizing the presence of the still free aldehyde groups 
on the glutaraldehyde conjugated with the (NANP)„ for attacking the terminal amino group of the carrier. ; 
60 The reaction was conducted at ambient temperature (20-25 •C) under agitation for 3 days, to obtain a 

Xyellovyish soluti^^ . 
^^^^^^^^^^^-^ i- ;A 

(Schiff's t)ases) between th of the peptides; and the aldehydei g^ 

■■-:';.; -" stabilize the bonds present in the conjugate. • - 

55: Preferably according to the present invention the NaBH* was used to ^ive a further margin of safety in ;: 
; the stability of the bond between the two peptides. 

The reduction Teaiction was, cbnducted^^^a^ 
which the formed precipitate was solubilized by adjusting the pH to acid value. 
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conjugate IronriL the exi^ 
; iri the sid^^ 

According ;;to the present ; invention;^ protector group 4^meihoxy-^2i3^ 
i;^^^^^^ : t^^ was removed ;by treat^^ 

i : ; 

y';.'..: :with:a;basiC:;aquepus soii^^ . 

: 70 : ;f;!;^^^ the present inverition/ th^ oorijuga^ was verified by stimulating ; 

i : j^^^^ in vitro proliferation of hurriah T lymphpcytes sj^ecific for i-the carrier in the presence - of ^ 

{l;;;;:;;::ra^ . ■;.:'^:•:■ '■p^^V1■•^i• 

i;f:| 

S :H;:^;^^; 0^ mice who were hp to (NANP>n ■ 

l^s : :; ■ showed both It^^ not ihflueri|cei tfie ci^ 

1: ; ; ; ; ; 

■suppression of: the carrier.; : In ; facti ; ithe rriice iwhp were npn^r^fxwde^^^ to ? (nAn pjip were : able to produce a 

.;;'i?o^;;:.Wgt!^'5^ 

arid : the murine {HT2)|;th^^^ 
y ; • : : mouse i>9 : consjdered yalid and the results can be extrapolated f or rhariii;- ; ; : • v : i ! 
; :to the i jf^ 

i : : ;; ; :;i 

■ : :■, ■•['■■gehic ■ agents.- ' ■ ■■* ■ V; f. ■: ;.■ . ■ ■■: ■ ;.■ V ■ ; ■ ' '■; ■ r . ■ -. :;; < ; ■ ; ?f C ' v 1 [ ■ -■ : ■:- : ■•■ : •'■ . 

h 30: \i^W^(J^/^ 2) and ^0-844; of thf TT. and the analogs of the TT = 2 pi«f)tide:>^ : 
: (rnmuriogenic conjugates iaccdrdirig; to the present invention icafif^ 

!;!;:;■ | : if p^ forlnducirig a prptective inhriiiine^^^ : i:;^;-:^^^::^^ 

;;i : : : ^^T\\^ pref erred vforrns ; are - pheuiiiaceutical: compositions prepared as ;;^uspep^ 

if desired; an - adjuvant can be added said com positions to improVel^^^ 

the following experimentaJ examples illustrate but do not limit the invention, - r 


:;-EXAMPLE:T:;: 

gidentjf icatjpn of the T epitopes of tetanus toxin : ; 


■;%i;;^a^^^ toxoW. Thcise clc^ by: known 

::45;^^:^ we^e ikept un^eri c^^ 

i::;; x: ii^^^xm lation with Inradiaited; : mononuclear: :W cells : of ; peripheral i bfobd ■ (PBMC)^ w 

; 3 x^^^^^^^ (G ibcp. Paisley if Scdtian 5 : day aifter the t blast ceiis : we)^;; yi^ ^nd jc^ in RPM!:^;;: 

: L-glutanhiheji tl-iiimM :.:^^ 

;;;:.(Hpffma^ ■-■ ;-. . . "'• \: ■ "..■] 'y • ' ::I%^ i:^:^'^^-^:-- '.'ir/ v::- ^ ^^^^^^^ 

I ^; :ix^ said dories : was th 

^ 1^ B fragmeht:(B:ifr;|;:4^ 

: : c^^ C fra^ment ^RCM Praclicaliy the reductipri^'o^^^^ C ; fragmeh^^^ 

iis^iilphd^^ 

■ !•: : mihutesi. V,' ' - " ■ . • ' • ' ;■: ; : ; ': { ; : ' • . ■ ; ' -. ■ ■ ■ v! [■■ ".■ :■ ■;>•::", :v;;,- ::!;■•■:: ■ .v:.y : .:- / ■ '/-iP-}. -v ''. ' ■ ' 

^■'^yyM^:^'- life reduced fragrhent^ 
: ; in the dail< and then vyas dialy sed- extensively against water. : 


8 


EP6378 881 B1 


The proliferation assay was then ::conducted ■ by^:^5^ 
; MA) TOO ul of RPMI-c culture medium <^ antigens, with 2 x10* f 

' cell clones in 0.1 ml of RPMi-c; culture medium in the presence of said antigens^ and 2 x 10^ EBV-B cells 
(^^^ transformed with the; Epstein-^^ virus treated With rnitomycin C as APC. 

s i; ; V The proliferation reaction was conducted a^ in :5% OC^ the cells were pulsed 

■ : aLdding 1 uCi of methy!-pH)-tKymidine (185 GBq/mmote^^ GBj. 
; :;■ ; Afte about 20 hours the number; of cells ihpbrporating radioactivity was deterrnirieS. 

The results expressed as the mean dount jp^r iriin tcpm) : pf a double culture, showed that two T cell 
^ clones (KT4 and KT30) mapped in the TT C-fragmerit. wher^^^ the KT2 clone rhapped in the B-fragment. ' 
10 A procedure was then carried out to mor^e precisely Idc^ T epitopes in the :TT which^ h 

recognised by said clones. 

Proliferation assays were then conducted bperating as stated heretofore, using as antigens different- 
length fragments of RCM-C.fr producied by enzymatic digestibn witti^ chemotry psin (Sigma, St. 
: : : Louis, MO) or by chemical modification - x 

75 In practice the enzymatic reactibh was conducted by suspending the fragment in PBS (pH 7.0) 
Qohtainihg Ca^^ ions and the enzyme for 20 hours at 37* C using an enzyme-substrate ratio of between 1:1 
aind 20:1 and separating the fragments obtained. 

The chemical treatment was conducted as described by Cbrradin G. arid Harbury HA, (1 970) 

i Biochem:BiophYS; Acta. 221, 489. ' . 

So : Peptide fragments obtained via Recombinant DN A by known method by cultivating coil cells 
; engineered by known methods were also used. 

Specifically. ;the following recombinant peptides were prepared and used: Jet 6 (TT fragment 406-743), 
Tet 15 (TT fragment 604-1315), Tet 3 (TT fragment 744-1315). Tet 5 (TT fragment 1-405) and Tet 97 (TT 
' fragment 1 -535). • 

25 The results which have been obtained have made it possible to identify, in this C fragment of the TT, 
: : the regions 1273-1284. 830-843 and 830-844,^ corresponding to the; T epitopes having the following 
■ aminoacid sequences: 
Gly-Gln-lle-Gly-Asn-Asp-Pro-Asn-Arg-Asn-lle-Leu 
(Hereunder indicated TT = 1 ); : 
3d Gln-Tyr-lle-Lys-Ala-Asn-Ser-Lys-Phe-lle-Gly-lle-Thr-plu 
(hereunder indicated TT = 2); --i 

Gln-Tyr-lle-Lys-Ala-Asn-Ser-Lys-Phe-lle-Gly-iie-Thr-Glu-Leu. 


35 


EXAMPLE 2 

Synthesis of tiie peptide TT#1 


The peptide tT#1 was syntiiesized in the solid phase with a Beckman 99 B autprnatic synthesizer using 
: a commercial polyacrylamide resin (PepSyn, Cambridge li^ 

40 leucine as internal reference amino acid iahd 4rhydr6xymethYlp f^ptide-resin 

.^ T corinectidn handle. . \ v-'-'.:?' ^'v/'?;;::? -^' X^ S^^^ 

A. g of said resin with a functionalizatiori bf i.l milli was ;$>vblien in -32 ml; <^ 

dirriethylformamide (DM F) overnight at ambient temperature (2 -25 *C) and theri washed witfi 1 ml of DMF 1 
times (1 rhinute each time). 

45 the first amino acid residue (Leu), protected at the alpha-amino group by the protector group 
fluorehylmethoxycarbonyl (Fmoc), was esterified at the resin by the arnind acid symrnetric anhydride 

reaction. ■■ ■ . ' •. ^ •}.■■•:••.•.••■■• 

In practice, 1.238 g (1.8 rhmoles) of (Frnoc Leuj^O were reacted with tfie resin in 1 6 ml of DMF in the 
presence of 0.022 g (0.18 mmoles) of 4-dimethylamihopyridine (DMAP) and 0:198 ml (1:8 mmoles) of N- 
50 : methylmorpholine (NMM) at ambient temperature for 3 minutes. ■ ; 

On termination of the esteritication reaction, the resin: was washed^^ (1 minute esw: 

: DMF, twice with a piperidine/DMF solution (2/8 ; v/v) for 3 and 7 minutes to reirndye the i Fmoci protector 
group and finally 10 times with DMF (1 minute each time): v 

; ; the other amino acids were then • intrpdubed by acylation of ithe amino acid activated at; the cartidxy I 
55 : group and protected at the alpha-amino group with Fmoc oh the free -NHi grpiips of tfie growing peptide 

^^■'''yf%-:> The side-chain functions! of the protected re^ 

aspartic acid and 4-methoxy-2.3i6rtrimethy Iberizenesulphonyl (Mtr) for the arginine. •; 
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The stated washing and Fmoc removal operations were- carried out betw acylation risactipn and 

. the. next. 

The acylation rea^ 

Al| the arnino acid residues with the exception of the gliit^rhlne (6ln> and asparagine (/^^n) were 
s introduced using the corresponding symmetricaranhydrides as active form (1.8 mmoles in 1i5 mi of DMF). 

For Gin and Asn. p-nitrophenol ester (1.8 mmotes) and the pentafluorpphenol ester (1.8 mmoles) of the 
; : anriino : acid were used j! in the presence; of 0.244 g (1 :8 : mmbjes) of ; 1 -hy d rpxy benzotriazole: (HOBt): 

Th^^^ of the suitably protected arhihip acids was prepared irnm the 

10 acylation reactiohi by reacting 3.6 ninrioles of Fmoc-amino acid with 0^^7i g (1 .8 mmbles): of dicyclohexy i- 
■ carbpdilmide (bCCI) In 2ml of miethyleiie ch^^^ at arhbierit temperature for 10- m 

On termination of the reaction, th^^^^^ had formed was separated by fiU^^^ 

' s^^^ iSBid syhim^ 

For each acylation reaction, the completion of was checked -by the hirihydrin test [E. Kaiser 

75 et al.. Anal, Bioch^rh.;:34 -(iigt^^^ al., Anal. 

; . • Biochem.. 71. (1976).;^l]:: : : 

The samples, taken after 3 rninutes of rea^^^^ gave positive results. 

On amino acid analysis, the resin-peptide gave the following results: 


20 


25 


Asp • , Glu Pro Gl7 l-- ■ lleT.; ::: Leu I-leu A^^^ 

4. 00 0,98(1) 0.9(1) 2. 07(2) 2.06(2) 1. 08(1) 1*18 1.35(1) 


The theoretical vakies are shown in parehthesesf. : 
. A part of the p^eptide of peptides linked to 

Tt#i, whereas the remiainder was released: by Veatment e^^ hours with the 

: trifluoroacetic add solution (J^ ^^^-^^ ^ : 

30 Said solution rennioves ttie t-butylester protection 

, phenyl ■group. " . ; ; ■ . - ; : 

This strategy enalDled: ti^^ group usiBful for its 

conjugation with a hapten is the terminal glycine group. 

These chr6matQgr?phic conditi[o^ were considered siiita^^^ for pri^arative HPLC, 
35 In priadice a -cbliirnn of diniensioris 24 x 0.2 cm was used fijted vflth RP-1 8 silica (25-4 um) (idN 
; i: BIOMEDICALS, We^t iGerm aqueous 0;1% TFA sojutipn containing 29% of acetonitriie as 

' eiuent. . v : .i:: 

Various chromatogirajDh ; rtinf Wdre carriecl put varying both the quantity of feed peptide and the 
percentage of acrylonitriie in the^^^ 
40 The following table I shows the yields obtained as a function of the various parameters. 


45 

Preparation: 
No. : 

% Acetpnitrile ;; 

Feed (rhg) 

Purified pr;oduct mg 

Yield % 


.'■ ' : 1 

29 


7.27 

29 ; ; 


- 2 : / }/ 


•25'.'.' 

9.67 

39 : 


3 

27 ^< - 

: 12 5 

••■■^^^^■:■::;;i4.28^^^:;V■^;;:^ 

V- A .•34-^- 

50 

■ 4 ; V 

: v 27 . 

■ ;25' 

■C^:;;;r^^:'7^^9.34v;-:;;>' 

37 v. 


<^.' 5 

V -27 

50 : 

^18.36- 
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^ ; / S^^ 

5 The peptide sythesis was coriducted in accordance with the Fmoc po|yarnide strategy described in 
Exanriple 2 using the flow variant of the same method [E. Athertbn et al , Tetrahedron 44 (1968),: 843-887; A. 
^ 4Biry land 

^ Esterrf^ of the first amino acid residue (Glu) at the polymer support was conducted using the l ! 
asyriifhetric anhydride o^^ amino acid [Frrioc-felu (QBu ; 

JO N'-dimethylaminopyridine (0.1 mnjoles, 0,012 g) and N-methylmorpholine (1 mmole, 1 10 -fit): 

Said anhydride was obtained by reacting Fmoc-Glu (0Bu*)6h (2 mmoles. 0.851 g) with DCCI (1 mmble, 

; the reaction was ; conducrted on i g of the cbmm^rcjal resin ULTROSYN (PharmaciarLKB, Sweden) ; ; : ^ 
dissolved in 3 ml of DMF, at ambient temperatiire for 0 5 hours. 
IS . ":1 "': " ■ TTh&'furictionalization. was 80% , v ; . ' ■ " : ■ . ■ , 

; : ; The resJn was then washed with into two omnifit columns (10 x 1,0 cm) (1 .5 g of resin 

^^^^i ; fonming part erf l^ie PHARj^^ mbdel 4170. ; 

^::;^^X:';:v^^,•••.'^ The synthe^s strategy was that djos^ibed In the cited works. 
1 V The protector groups us(^ for th^ amino acid side-chain functions were trifluoroacetyl (TFA) for the : 
^ 2^ (Lys); tert-butyr ether (Bu^) for Ser, Thr and Tyr, and tert-biity! ester (OBuO for Glu, The reversible 

connection handle was 4^^^ 

The pejDtide was released from the resin by treatment with trif luproacetic acid/H26 (95/5, v/v) for 1.5 
hours at ambient temperature. Yieid 93%, 

This treatment removes all the tert-butyl type protections but leaves the TFA protector group on the 
25 lysine residues intact The resultant peptide thus possesses a single amino function available at the terminal 
. ; iarriirio^^ . , • . i;-;, 

■ The peptide was then purified by gel filtration using dimethylsulphpxide (DMSO) as eluent, and an 80 x 
2,6 cm column packed with Sephadex G- 10 resin and eluted at a throughput of 36 ml/hour. 

The fractions con-esponding to the material eluted at the column head were collected, diluted with water 
30 and lyophilized. 

The amino acid analysis of the fiiirif led peptide gav^ the following result (theoretical values in 
parentheses). 

^'■■\'-- : ^ '[ .V Asp ■ Tlir . Ser ' 01 u . ,;' Gly .. 

1/06(1) 1.03(1) O-MU) 1.80<2) 0.95(1) 
Tyr Phe Ly^ : /: 

■-VJ-r..^ 2; 81 (^) lv00<l> T; bbciX 2: 32 (2) 

■ ■ ^ EXAMPLE 4 ■ 

Synthesis of the 830-844 peptide. 

; T^^ of the peptide has been carried out by operating as in the previous Example 3, in which 

I t substrate has been effected by 

. soJ^^ e^ symmetrical anhydrkJe of amihoacid (FrhocTLiBu)20, 

: ;i ■ ; Th^ aminoacid analysis of the purified peptide fias given the following result (theoretical values in 

'■\-"/^''|l-"/|l parentheses^^ 
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I;:' . ^^'i'Mp.'; '■:'"^^T}^: , Ser'.:;: Glu ' Gly: _ ■,, Ala ... " lie ' " 
.'■>:l.:ci6(i:) l;03(L) 0^.^ ) 1.80(2) 0.95(1) 1.08(1) 2.81(3) 

^ "/EXAMPLE-?'- :■■ ;>>i: 

: Isijfatidn of J^celltilar ciones wK ans spedfic for the Tt = 2 peptide, : 

75 : Mononucleate^ of peripheral blood (PBMC) isolated from different donors (typized HLA) which 
had beisn imrnunized wj^^ of 7 x IC^ in 200 of 

= FlPMl ; 1640 suppiemented by 2mM of glirtamine; 1 % of non-essential 
: iamlnoaciids; 1% oif slodium ipyruvate^^^^^^ $6 ug/ml of kanarnicin (Flow, Irvine.: Scotland); H$ = h^ serum 
: (§wiss red Cross, ; beme)) in the presence (10 uM) or in the absence of the Tt = 2 peptide in microplates 
^ hiiavipg 96 piert^r bottom after there have been added in each welt 30 Units/ml of 

:lnterleuchin-2 (IL-2) i(Hoffmanh La Roche, Nutley , N.J.). and, after 4 additional days, the cultures have ben 
examined to detect the posisible celiular proliferation. The positive cultures have then been expanded in the 
same culturihg rri^ium which had been supplemented IL^2 and tested for their ability to recognize the 
'■ ■ '.v.TT:=r2; peptide. A portion of said T cells have been transferred into wells of micrpplates having 96 planar- 
25 bbttbmed wells, thrice washed and slurried again in 200 ul of RPMI culturing medium suppleniented by the 
10% of caff foetal serum (PCS) (Gibco, Paisley, Scotland) in tfie presence (20 ufy/l> or in the absence of the 
TT = 2 peptide. Inasrnuch as the activated human t-cells express molecules of the II claiss, they are capable 
; of presenting the peptide the one to the other, the result being a visible agglutination after 6 hours at 37 'C. 
: The positive cultures have been cloned by liimiting dilution and the clones which are specific for the Tt = 2 
30 peptide hs^^e been isolated and maintained in culture by^^^^^ restimulation with irradiated allogenic 
PBMC arid phytohaemoagglutinin (1 %) (Gibco), as deiscribed by Lanzavecchia et al., (1988).; Nature 334 , 

;, : -sso. . . ■ ■ '..iXi-yy " ■ . . V; - . ■ . ; ■: : : ■ ■ . .• • : ' : . ::; 

A single specific clone only was stored for each positive culture. 

As reported ; in Table 11, the clones which are specific for TT = 2 were easily isolated from all the donors, 
35 ■ irrespective of their DR type. The approximate occurrence of the cells which were specific for the TT = 2 
was comprised between 1 in 3 x10* and 1 in 3 x 10^, and represented but the 5%. or less, of all thei t 
cells which were specific for the Tetanus Toxoid (TT). ; 


40 


45 


50 


55 
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TABLE II 



; T-cell response to TT 


: uoriors (uK) : ; 

Isolated clones 

Restrtctipn (b) 

(a) 



KK(3,5) 

: . :t ' ^ 



21 

::v:DR$:i:S;//i::-;'^^--'v--. 

GAR(1.5) 

3 ' ../ .: 

;;BR5r?-Vv;- <■ . ■ 

PP(2.6) 

■"v: . ■■■■ 3 . ■ .. .; 

" :dr?; . 

FS(1,8) 

• v. ' . ■ ■■■7.-y ' ' ' : 

V/ OR? >^;X:? 

DP(1,4) 



SP(7) ; j ; 


C ■ DR7 : -/^-vf 


6' ' ■' ■ 

; DR7 

BDM(5) 

/ -J-'h :i .9- ■ ■■ ■ : . ■■ ■■ ■ ' 


KS(4) ■ 

■ , ■ . 6. ,„ 

"pRw4{4) ■ ■ 

2U(3,4) 

■■9- ■ 

DR3/DRw52b 

AL(6) 

v'. : '"■'y-'S: ■ "3 ■ - V, 

DRG/DR V 

BR(4) 

:;;'V;^'; :hvr-s^ y ^ ■ r 

'\:'^/ drw4(4)/dr 

Mdl(2.9) : 


DR9/DR^ 

GM(1:2) 


DR1/DR , 

where: 



(a j = PBMC from diifferent DR-typized donors; 


1(b) =^ indicates all ll-class aileies;pf the class MHC which might present the pejDtide to at least 

one T-cellular clon^. 



AH of the isolat(^ clones proliferate responsively both to the Tt = 2 peptide, and the entire moiecule of ■ 
30 the Tetanus Toxoid presented by autologous APC cells, thus evidencing their specificity towards TT. K 
These results show that T^ is universally recognized after immunization with TT and that it is 
capable of beconiing associated to different I l-class rhoiecules. 


Exarriple 6 ; 

: Charataierization bf the t-celluiar clones which are specific for TT= 2. 
. A) Deternninatioh of the restriction pattern of the T-cells. 


: : \r\ order to determine the isdtype of : the : ll-class molecules which have been recognized : by every T- 

: cellular clone » there have been conducted proliferation tests by using ahti-DR mdnoclonai antibodies as 
; b ATCQ L243 hibriidome, which is available by the America! Type Culture Centen anti-^^ 

; monoclonal antibodies, and aihti-DQ mdnoclonai antiljodies. 

In actual practice, the f-cells have been cultured with autologous EBV-B cells in the presence of 
; ■;;:■;;;>;•;;:' .46- ; limiting concentrations of both TT = 2 and monoclonal anti-DR antibodies (L243, 1:4 of the culture 
supernatant), anti-DP and anti-DQi antibodies, both as 1 :1000 ascytes. 

The results show that the clones which specific for TT = 2 are restricted DRs, since only the anti-DR ; 
; antibodies inhibit the cellular jjrpliferation. In order to identify the DR restriction alleles, each clone has been 
:: tested for its capacity of proliferating in response to a group of allogenic EPBV-B HLA homozygbte cells 
i 60 (used as APC), Which have beeh: pulsated, or not, with the TT = 2 peptide for 2 hours at 37*C, washed 4 

ti ^^^^^ of DR alleles can be used as restriction mplecuies. These latter ; 

/•;-V;iihclud^^^^ - 
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; each clone, shows that all the clones react in the field of yeiry; 

sslviiic^^^^ (Tafciie III): This fact is a^n evidence that all jthe cJ(cm^ 

v];;:;;th^ samei ;high 'a*fin|ty^: a^ DR alleles are capable of presenting the peptide ^^w 
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Quite surprisingly, it :has been; asceilaine^ rt^phpgamic): r^bcpgniz^ 

: :T^^ association with a single DR allele, whereas other clones recogriize in aissociation witil two or-iriibi^e 
^^'s^^ the clone GM2.11v which recognizes TT = 2 in association with DR1r2r4w4 ahd :7. 

and the clone AL4.1, which recognizes TT = 2 in iassociation with DRSJVM and 6, 

B) Identification of the rninlmum antigenic sequence recognized by jhe TVceljs ^^^ ^ ^ ^ : ; 

> 1" order to identify a minimum antigenic sequence in the interior of the IT = 2 pep : ; 

have l>een carried out by exploiting a series of TT = 2 deletion fragrhents devoid of the N-terminal, or the O- 
"■^ 70:; ;terininal^region. \ :']:■■■■.] :.;::'■■'/,<['':::''■' ^--^ ^ 

Moreover, TT = 2 analogs have been synthesized, which are characterized in that ah anr^inoacid residue 
had been substituted. ITie proliferation results which have been obtained by exploiting as APO dirtereht f^; 
pellular ei^ TT = 2 contains a single 831 -842 epitope, which is recognized in the context of v:'-: 

: e£u:h pf the assayed molecules (from DR1 to 9^ 52a and 52b) and that the TT = 2 deletion peptides and 
; :r5 li thb^^^ 

;! T^ellular clones {Tal>le iV). ' 



15 ■ 


EP 0 378 881 B1 


10: 


15 


20 


25 


30 ' 


35 


40 


45 


50 







M 



:V 

ea . . - 

; ;§ 

X 
01 


ca 
c 
o 
a 

u 

: i . 

-S.. 

(0.:. 


.0.. 

g 

CO 

5 

o 

. 3 

; .C - 


o 

oa -a 

■ 3 

■or"; 
- ■ « .■ 

:;ti... 


u 

■.■c. ■ 

, 

o 

. c 
o 

: "g - 

4) 

-o 

■",'H ■ 

a 


>5 
O 
















W 



O 

o 








\P 




















::<%»■' 




'; .'0 * 


^n 






- .•" 

■:- "0 : 

ts) 



■ r*' 






o ,■ 








a ■ 








a ■ 


' '. 

! 





n 



O' 




■:»-|-- 




?3 






::;;o 

y* 

ri 








a\ 


o 



-■a ; ■ 





::-.o 

o 















i-t- 



o 





O 


< 

. < \ . 

V 

r* : 





i 




.c ■ 




0 





.a, 


o , o CM o o o o o o 

,0 O A O A A A A A x A 


A >^ A ; A A A : A A 


■ •-»' : A A ; ; A : ;a,,.;a.:' a?' 


::0 . :.. : O O 

;;A: '.:<**,:. A. .a ■ 


o o o o o o 

■.O -'-fH:.- ;rt.:..:■.^.'.:^:^y 
^ a A A A A A 


O. ■■■ .-O: .O .-'O . O'-xO '.O- 
■■:r1 -y'-m .' ■ ^ ■ ■ :■. •-I ■ #H #H :-:-: xrt >> 

A irt A A A A : A A 


x-jC 

o 

xiW: 

■-■<■■ 


01 


O. O;: O.: O O xO 
' . X ^ . X >H : «4 ri >♦ 
V> A A A A A A 


■'-:».-■ 


O 

A 


O . 
A 


O O 

A A 


- u 
a ♦ 

. , - .« ■■- 

. .3 : : BO . 

x-x^.: 
ax.:: *ix - 
.JQ 3 S 

•i!* x«::" - :. 
j: . ■ . « 
■ Vx:::a -.u.: 
.o a cu 

« 

" 4) X-: "x O ■ 

;>» a 

« :: C X. 
09 O 0) 

.« c 
«;4* o 

; 2 is ^ « 

« C TJ 

X » xo 41 

. 4) xO 

..■:0' C' 

x:?;ai::x;:t>-; 

.:>:x3x:;:^4»;;i:: 

o u 

■3 :V ' 

:.:-:;:;0:::x-r4;:;::; 

w :.ro 


11 


V) 


;■■ r : 

•x I ■.. 


i: 

X, 
1 

■I ■ 

I ; 

I 

■ .1: " 

■;»■;■., 
I 


I 
I 
I 
I 

I 

. t 
I 

: t 
I 
I 

;r\ : 

■<■ 


1 

1 

Ix 


1 

1 

X 1 : 

r 

1 

I 

■ 

: -1 

1 

1 

1 

1 

1 

1 

1 

1 

t 

.1 


1 '■ 

1 

1 



• 

t 

1 

. \ 


^ 


. 1 . 

..;f 

1 ■ 

.1;;' 

&] 

■ x'i»-: 

% ■ 
tc. 




\ , 



■■■■|;; 


J: 5. 

a J 

•a T3 

§ i> 

:. :« 

. O 0) 

:.i .a 

O . 

C 4> 

. "o lOj ^- 


■p 


p 


4J 


5 


55 


IB 


EP 6 S7B «8i B1 


; ; Synthesis of (NANP)n- JT#1 conjugates 


6 Th^ : peptide 7T#1 prptected on the arginine guanidino group with the Mtr group atnd obtained as 
i : : in Example 2 was used in the synthesis of the; following conjugates: 

Vl) (Asri-yMa- Ash 

; ; The polymers (f^ANPj4p and (N ANPjao were obtained by polyrherizing the activated monomier Hcl.H- 
70 AsnAlaAsnPrp-bCPP in the presence of triethyjamirie as basic initiator as describe in Italian patent 
■ af^icatloa.21718 A/85. ■ : 

. a).Syhfthesi? pf (NANP)4o-TT#1." 


75 40 mg of j(NANP)4b dissolved in 2.5 nriJ of phosphate buffer solution of : pH 7.44 ^5^^^^ 
;C: reader of 3 nnl in volume, con^^^ 
:;• con-esponding to a 100 times excess over the (NANPKo. 

The reaction mixture was kept under gentle stirring at ambient temperature ovprnight 
The solution was then chromatographed in an 85 x 2.5 cni column with Sephadex G-25 filling, elutt 
.':;2o: '>ith'-0:1 M 'acetic -acid.;" ■■■■ 

••; ;• The fractions corresporidrrig to the peak v^^^^ 

ing to (NANPKo bound to the glutaraldehyde were then collected and lyophllized. 

2.5 ml of phosphate buffei" (pH 7.4) containing -the (N A to a 3 mi 

; reactor containing 9 67 mg (6.32 mmoles) of TT#1 . The : molar excess of Tt#1 over the (NANP)io- 
. : 25 glutaraldehyde Was about 2,5 times. 

The yeiiow solution obtained was left stirring for 3 days. On terminatiqn of the re^^ UQ of NaBH* 
reducer were added. The resultant solution was stirred for a further two hours to obtain a suspended 
. ' . precipitate. - 

i This precipitate was dissolved by adjusting the pH to about 4,0 by adding 1 M acetic acid, 
:30 The solution was then purified by gel filtration on Sephadex G-25 eluting with 0.1 M acetic acid to 
separate the formed conjugate frorri the excess TT#1 ; 

The conjugation reaction yield, calculated by amino acid analysis, was 17%. 

The 4-methoxy-2,3,6-trimethylbenzenesulphonyl protector group for the arginine of the TT#1 peptide 
was then removed by treating the conjugate with 5 nril of TFA/phenor(95/5, v/w) for 5 hours. 
35 ; The solution w^ residue obtained was dissolved in 5ml 

of H2O, transferred to a 25 ml separator funnel and extracted twice with ethyl ether, : 
^ \ 1^ 
lyophilized. 


40 b) Synthesis of (NANP)2o-Tr#i 


The procedure for preparing tfiis conjug^ wais^ i^ to that of point a) but using in the s^ond 

stage of the reaction a 25 times excess of JJ^i over the (NAf^P)2o -glutarialdehyde to increase the 

conjugate reaction yield. > . -. 
45 Amino acid analysis showed this yield to be 32%. 


EXAMPLES 

Synthesis of the conjugate (NAN P)26-TT#2 ■ 

; : The procedu 1*0 was the same as that used for the conjugate (N ANP)2o -7T#t ^ u^^^^^ 'as conjugate 
r&aeti 

of TT#2 and 52 nig of (N ANPfe 0 -glutaraldehyde, 50 nrig of IjaBI-l* weria also usedf i 

On termination of the conjugation reacti^^^ chromatpgraphed in a column (80 • ^ ^ ^ 

X 2,6 cm) of Sephadex G-25, eluting with 0.1 M ; 

the fractions corresponding to the material eluted at the head of the solvent were collected and ; • 
lypphiiized. • •. " . • '■[i-^y.^'' <■:/■}: ' ■; -1^^^^ ■ ''-'-^ 
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■\;for;'2 hours:;-' : :." '•■"■.r- y\:-' "'/^ ■■^^'i':'-:" ^.-^7 

the solution obtained was llien neutralized to pH 4 with dilute acetic acid and then again fed ta^^ 
Sephadex G-25 column and etuted with 6,1 M acetic acid. : 
5 : : V Th0 frac^ons corresponding to the material eluted at the head were collected an lyophilizecl. 
; analysis of the (NANPhp-T^ indicates a cohjugation yield of 75%. 

TO > Use 6^ yiyo production :o^^^ antt-NANP antibodies 

The experiment was carried put using 3 strains of mice: 
C57/8L/6 mlce^ho are natural responders to NANP<p ■ ; 

^ r CB4/ca and DBA/2 mice, who are rion-responders to NANRio 
15 - The object of the experiment is to show that if the tT=2 jiejptide i;^ cdyalently bonded to (fsiANP)2o : is 
able to Increasei the number of strains of mice able to respond to the lantigen NANP. 

: i^^^^ 5pbnjugat© dissolved^ Ul of complete Freund's adjuvant 

(CPA) were injected at the base of the tail of said mice. 1 ; 

• Afte weeks, in the atwye manner 25 tig of c»njugate erinulsified in 25 u I of incomplete Freund's 
20 iadjOvant (ICFA) were injected (booster dose). Blood was withdrawn from e^ch mouse by pricking the retrpir 
; ; orbital plexus 10 days after the booster Injection . ; ' 

i Thie sera were then teiliBd |ih an ! i as antigen as 

described by G/Oeldiudice e^ 

Figure: 1 , in which the yeitical axis ] represents optical density and the horizontal axis represents the 
25 serum dilutions, shows Jhat Jbc) tST 8176 mice and the CPA/ca mice produced high anti-NANR 
antibody counts, whereas the DRA/2 mic«e were still rion-responders to the conjugate. 

: EXAMPLE 10 

30 In vitro proliferation of human T lymphocytes using the conjugates (NANP)2o 'TT#1 and (NANP)»o-TT#1 

A flat bottomed 96-well polystyrene plate (Cluster, Cambridge) was used for ttie proliferation assay, 
; Each well was seeded with 2 x 10* human T lymphocytes specific for TT#1 in 0.1 rhi of RPMl-c culture 
medium consisting of RP Ml growth milium (GilDco. Paisley, Scdtland)fed with calf foetal serum (10%) 
35 inactivated by heating, 2 mM L-glutamine, 1 nriM sodium pyru vate, ; 5 x iO"^ M 2-merGaptqethariol and a 
mixture of non-essential amino acids (1 %) of Gibcp. ' 

The J cells were; incul)ated at 37 • C for 3 days in a 5% CO2 atmosphere in the presence of different 
: concentrations of the two conjugates (Rgure 2) and 2 x 1 0* EBV-B cells (autologous B lymphocytes 
transformed with the Epstein B^rr virus treated with mitomycin C); prepared as described by Lanzavecchia ' 
40 : (1985) as previously cited. • 

The purpose of the EBVtB cells is to present the antigens and stimulate the prolifieratipn of the T ctones 
" specific for them:'. ::V::V;:.:-^i'^^ •,; ' ■ - . 

On the second day all the cultures were pulsed with 1 uCi of ^H) thymidine for i 6-1 8 hours. 
On termination of said period the cells were collected on glass fibre filters by means of a cell collector 
45 (Skatron, Lier, Nonftray). 

The radioactivity incorporated in said cells was then determined by a sciritlllograph in terms of the 
count of cells showing radioactivity. 

The results of the proliferation assay are presented as the mean of the counts per minute (cpm) of a 
double culture plus standard deviation (Figure 2), 
60 : the incorporated radioactivity expressed as the ratio: 
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• - • CPU of cul tureft 4ri th antiyen 

cpn of saai cu 1 1 ures witlxout ant igda 

: increases specifically as the antigen cohcentration increases. 
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■ Operating in this manner it weis found that ail the tested T lynr^phpcytes; proliferate in the ■ presence of 
:the (NANP)io-lT#1 and ;(NANP)2o-TT#1 conjugates, showing that conjugation with the B epitope ojf thei CSK 
: protein (NA|NP)„ had not abolished the capacity, of the TT#1; peptide :to function as the T epitope. 

■-5:;;v::Claims?. V --;" ~- : 

;a^^ Ibf tlie foilowing CpntracAin^ AT, DE^ FR, GB, Uj LU, N^^S^ 

. i; Synthietic peptides capalDle pf indudrig the prpfi^^ orKunaah Th V ^^spciation w 

; different molecules of the iiuman Major histocompatibility : Complex, having the foNowihg amindacid 

vio>\;:>\ ^'-sequence: 

H-rGIy-^Iu-Ile--Gly-A^ : : : 

:S H-GIri-Tyr--Ile-Lys-Ala-Asn-Serr^^^ : 

. ... H-Glrx-Tyr-IlerrLys-^ . 
H--Lys-Ala-Asri|S€^r^^^^^ .• 
;.20:L^f . H-OlriVryr-tie-tyis;^^ 

H-dlri-Tyr-Ile-Lys-AlaH 
H-Gln-Ala-Ile-Lys-Ala-Asn--Ser-Lys-Phe- 
25; H-^;in-Phe-Ile-Lys-A^ j 

H-KJln-Tyh-^le-Lys--^^ 
: H-Gln-Tyj^^^ 
H-<;in-Tyr-Ile-Lys 


30 


40 


60 
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: Z ; An immunogenic conjugate consisting of a synthetic peptide; carrier coyaleritiy bound to a natural; or;. 
35 synthetic peptide or pplysacchartde hapten derived from a jpathogenic agent of interest, wherein said 
peptide carrier has the amino acid sequence: 


H-Giy-Glu^Ile-GlY-^Asn^^ : 
;HrGln-Tyr- le-Lys-^iili^sn-Se 

H-Ly s-Ala-Asn-Ser-Ly s-Phe-I ie-<51y-I Le-Thr-^lu-OH ; 

H-Gln-Tyr^rie-^Lys^^^ 

H-Gln-Ty r-I le-^Lys-Ala-Asn^ 

HTGlrirAia-Ile-Lys^^^ ; r 

IH^Glh^ ; 
H-Glri-Tyr-^lie-^Lys^^^^ 

H-^In-Tyr-^Iler^ f0i 
H-^ln-Tyr-Il€|ty3-A^^ 
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: ^ fc:^^^: A^^^^ conjugate i a^^^ claimed in^ dairh 2,: wherein the hapten iis derived from : vim^ 

; - 4^ ; ^Api inrununogenic conjugate iais claimdiJ : in claim 3, wherein the hapten is; 4 poiysacGhja^id 
■ ■ ;::^^reptocpcci; : - .-^ . . . ; ■ ., • ; ., ' : ■ ; ■ :- . ; : ; ' ■ . .. ■•, ; . ; ' : ' ■ . ■; - ." ■ ■ . ' i -^1^:^/0. : 


.45:; 


60 


55 


:H-(A;5ri-Ala:^^^^^ : : ■ 

yirhere n is b^^een 3 and 40! 


; 751: ■ 6. ::tmmi^ claim 2r useful for jprispa^ synthetic vaccines abte to: Iriduce aij 

V:^^: ;;r antibody response towards ai pathogenic ai^ of interest which is not geneticMIy testirifcti^ 

^; ah^biidy ^response: towards ^ infections ; baiisiad : by Pjasinodlum : faJibiparum i : wiiich 

■|;:genN^ restricted :pr'.is ;bniy ' siijghtly r'geheticaliy; restricted J -i ' ■; ■ . , :■■•;;■;:■ 

■which is not genetically jestricte^^^^ or is ; only sjightly genetically Testricted. comprising (a) ; '"■ irm| 
■ 25 ; ; ■ : munologically Jeff active clainiecl : in claini 2, and ;iib) ■ a : p^ 

■ ;i^4v::a<^iBptable ^ 

V ; : 9^^^^^ response in: sma^ 

; ; iPlasiribidiu^^ restricted or :is : only sligHtiy : : gjienetieally :; res^ 

30 ;:^^^v^:^ ; c^ 

;;:■ ::^ 

1- ; Process for prepaj-ing synthetic ip© of inducing the proliferation iof ; hyman;: l^ijilym^ i 

i^s^^^^;^ ; ; ;p 

: :: the following amino acid {sequence : :: ; 


.HrKjiii-Tyrrriic^ 
H-Gln-Tyr^Iie|liys 

H-r^I^ : 
■H--Gln-Phe-lie^Lys-Ala-Ash-^er^ 

H-Mllri^Tyr-^Iie-^I^Sr^ 
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; charact^ in that it comprises th^e^i s^ 

i ; ; ; 4^ 

: itimte. iusi active form the c^ireispohding symm 
having iDrbtected, wherever present, the N-terminal group and the reactive functiorial gripu^^^^^ 
chain;; removing the as formed peptide from the resin and purifying It; k^;;^ 

Z ; : Process for preparing an ■ iirrirnunogenic cpnjugatef charik:terize^ ; in that : said:; ajnjugab^^ 

; ; i ; i the 

::;-H-tiIy . 

:.: ":H^ln-tyr-Iie-Ly^ • 
Hr^ih^Al a-Ile-Ly s-4la-Asn-Ser rLy s : 

;■;■:;/:••■■;/;; 

i : arid a natural or synthetic peptide or polysacpharide hapten denved from a pathog^^^^ agent of interesft. 
a Process accortlin^ to ii;lairn 2, wherein the: hapien is derived from viruses ; or ti^^ 

4, ; Process ; iabbording ; to clairn^^^^ wherein the hapten Is a^;;:^p^^ 
Pheumocbccii M8ningpcocGi,;Haem^ 

5. • Proc^ss accotying to 

YJ-PI- '- HT(Asn-A!a^sri^ . ; v;.:-'r-^'; 

{where n■1s■:bet^yeein'3■ahd 40. /■:^'.:-{0:''\.-'A-''y - ' ' - 

45 6. Process for preparing a synthetic vaccine able to induce a protective jantlb(^^^ in man towards 

a pathbgeriic agent which js not /gbhetically restricted or fs pfily ; slightly restricted, 

characterized by :<x>mbi^ together a) an immunplpgically e^^^ prepared 

according to q^^^^^^ b) a physiblpgicaily acceptable; m an adjuvant. 

^^:; ■ V 7^^^^ :; ; F*rop8^^ sy nth^ vadcineitab^ respor^ 

; : ! man tjawards ^ P jasrhod jurn ! f^jciparum : which Is; not gerietica^ restricted or; is o^ 
; reisfricted , : comprising : an : ; innmunologically effective : quant^ of the conjugate 


-25- 


30 
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;:;*40,: 


21 


EP0 37iTO1 B1 


10 


is 


PatehtansprUche fUr loigehde yertrags^aten : AT, BE, CH, DE, FR, GB, Li, LU, NL, SE ; 

1, Synthetische. zum lnduziereh der Proliferation von Huj^ Assoziation mit verschi© 

denen MolekQIeri des humaheri Histokompatibilitats-HaujDtkompJexes nach- 
stehenden Aminosauresequenz: 

H--Gly-^lu~Il^ 

, :: ; ; Hr^ln-Tyr-Ile-^Lys-Ala-Asi^^ 
•■• H-^In-^Tyr-Iie-Lys-Ala-Asri-Ser- t 
20 )■-■;:;•-: H-vln--Ala-Il^Lys-Aia^A^^^ 

. H-:?'ln'-?he-Iie-Lys-^ .. ; 

, H^Gin-Tyr-Ile-Lys-AIa-As^ . 

■ \ H-Cln-Tyr--Ile-Lys-Ala-Al . . 

; 2/ Imrtiunogenes Konjugat, besteliend aus einen^ syrith Peptidtrager. der pdvafent an eih n^turii- 

ches Oder synthetisches Peptid- pdar Polysadcharidhapteh gebunden ist; das vort; Jein^ interessieriBh- 
den pathogenen Mittel abgeieitet ist. worin dieser PejDtidtrager die riachstehehd^ 

35 < -aujweist;' . : \-^-: 


■V- H-Gln--tyr-Ile-Lys-A^ 

■"^.:■■;:f. ^- H*Lys«Aia-Asn-Ser-L^s-Phe-^ 

"t^ ■ H-Gln^Tyr-rie-Lys-Ala-Ash-'Ser-Lya-^^ 
:■■ . , V:-: ■ HrK:in-Tyr-Ilie^Ly3-Aia-A3n-S«r-Ly3"Phe^ ; \ " . 

^^^^ • H • 

. , '";H--Glh-Tyr- 

■y-H-Gln-Tyr-tle-^Ly s-:Ala-Alar^^ 


22 


EP 0 378 881 B1 


10 


20 


25 


3, Mmmunbgenes oder BaWerien abgeleitet fe^ 

4, Immunbgertes Konjugat naich Anspruc^ worin das Hiapten ein ybn iPneumococceni Men 
Haemophilus influenzae/ Eschedchia coli und hSnriolytischen 5tr^ptCK;occen abge»1eitetes ^P^^ 

■V:- jst. . . ; - J -y:'-; ; ■ V i ■ . -i.y . - - . - J. - : " ■ ' ' ' ■ ;v : . 

;5,;; ; imm 

ist, worin n eijrieh Wert von 3 bis 40 aufweist. 

; die 2um Indiizieren einer pbtektiveh 
Mittel iDi^f Shigt sind, welches Konjugat nicht Oder nur geringfOglg genetisch beschrMnkt M ,: 

7. Immunpgenes Konjugat nach Anspruch 5, das sich zur Herstellung einer Antimalariavaccine eignet, die;; 
zum Induzieren ; einer protektiven Antikdrpefantwort : gegenOber durch ; Plashipdium falciparum verur- 
sachten Infektionen befMhigt ist. weiches Konjugat nicht Oder nur geringifpglg genetisch beschrSnkt ist. : 

8. Synthetische, zum Induzieren einer protektiven Anikorperantwort beim Menschen gegenuber einem i 
pathpgenen : Mittel befShigte Wccine, nicht oder nur geringfOgig genetisch beschrSlnkt ist, ; 
umfassend (a) eine immunologisch wirksame Menge des in Anspruch 2 beanspruchten Konjugats und 
(b) ein physiologisch annehmbares Mediunri, soWie geget>enenf alls (c) ein Hilfsimittel. 

; 9. Synthetische, zurh Induzieren einer protektiven Antik5rperantw^ beim Menschen gegeriUber Plasmodi- 
um falciparMfin befahigten Antimalariavaccine, die nidhit oder nur geringfOgig igenetiisch beschrankt ist. 
umfassend eine immunologisch wirksame Menge des in Anspruch 5 beanspruchten Konjugats. 

30 Patentahspruche fUr fplgeride VerUagssta^^ : E$;, GR 

1, Verfahren zur Herstellung yon synthetischen Peptiden, die zurh Induzieren der Proliferation von Humane 
: :Th-Lympho nrilt :verschiedenen MoiekOlen des humanen Histokompatibilitats-Haupt- 

kompliexes tjefMhigtisind, mit der folgehdeh AminpsMuresequenz: 

HHSin-Tyr-rXle-Lys-Ala-Asn-Ser^ ^ 
H-Clri-Tyr-Iie-l^ys-AIa-Ash-Se^ 

H-Gln-Ala-^Ile-Lys~Aia-Asn-Ser-Lys*Phe / 
H-Gln-Phe-Ile-Lys-^Ala-Ash-s 

■■,".;H-^n-Tyr-Ile-L>^ i 
. ^' H-ilri-^yr-iie|i^ 

dadurch gekennzeichnet. daB es die Stufen des Synthetcsierens des arigestretiten synthetischen 
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Peptids; in fester Phase in einem handelsQblichen 
Poiyacrylamidharzes d naeh ; 

; der; ari^ 

: ; Ahhy dride^^^^^^ Esters : als aktive; 

5 V : >: ;gen[ Gruppe; i^io^erne^ In : derL Seitenkette, eiri 

Abtrennen;des;s^ 

: 2. Verfahren zum HersteH^^^^ dai6 dieses Koriju-; 

; |:g^ die Kbhjugatioh zwischen einem s^^^^ nriit eirier cler folgehden Amino-; 

^0: ■ /sMuresequenzen:'-;.;; 


^; : H . .... . 


20 


25 


30 


uhd einerri ■natdrlicheri^^^ 

Verfahren nach Ansjpiruch 2; Worin das Viren Oder Bal<rteiieh £^ ist. 

^ ■ nach Anspruch 3, v/ofin: das Hapten ein yon Pneumbcoccen. Menihgococcen, Haemophijus 

-:;.-^--^tk;''::f^H-(Asn-Ar^ 

; ist worin n eineri Wert vpn 3^y^ ^' ' 


45 


:Miy^^^'^^^ beirn jMensic^ : ; bef M W yaceinis nicht Oder 

;:50A:i^ 

:z-^-^:wJy^^^:^^^^. zur Herstellung einer synth^^^ 

5s: ; 

niditiqderri 
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^•:.■;iR weM ' .,. ■ ■ 

; R^^^ sulvsihts : AT^ BE. CH, DE, FR, GB, U, LU/N^ SI^ 

^; ide lymphocytes p'h hum 

ti^^ : diffilmntes ; m rpsyeur d: histcrcompatibilitd h^ i pr^sentant j^une 

■ ^^:^c^ suiyante's d'acjde's ; amiirif^s ■:- ■ 

^^^^ 


20 


30: 


40 


::45 


: i2^ |:;/^ support - lid par tisusoh ic^ uri 

|fe d'un agent pathbgS^ 

peptide support pr^sente I'uhe des s^ suivantes d'acides amines : ; 


: : H 

H 
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prdsentaht la si^quence : • 
;H-(Asn-Ala-Asn-Pro)n:OH 

\l_-:/i/.]^:-^6am laquelie h vaut entre 3 et 40. 

|:6^^^^ revendicatipn 2, utile pour preparer des vaccins syhth^tiques 

Vda^^ r^pori^ei ja: centre uii agent pathbg^ne 

70 : : Irit^rei^ant, nSponse qui ne soit pas g^n^tiquement Itmit^e toil ne le sdit que peu. 

7. Conjugu^ immunog§ne conforme la reveniJication 6, utile pour preparer un vaccin antimalarique 
capable de provoquer en neponse la production d'anticorps prbtecteurs cpntre des infections caus^es 
par Plasmodium falciparum, r^ponse qui ne soit pas g6ri6tiquenrient Iimit4e pu ne le soit que peu. 


7S 


20 


25 


35 


40 


8i Vaccin synth^tique, capable de provoqupr en r^ponse chez rhomme la production d'anticorps protec- 
teurs centre un agent pathog^ne intdressant, r^ponse qui he soit pas gdn^tiquement limit^e ou ne le 
soit que peu, et conriprertant (a) une quantity immunologiqupmeht efficace d'un conjugu^ conforme ^ la 
revendication 2 et (b) un ; milieu physiologiquement acceptable, ainsi qu'^ventuellement (c) un adjuvant 

9. Vaccin antimalarique synthetique, capable de provoquer en reponse chez I'homme la production 
d'anticorps protecteurs centre des infections Ciaus^es par Plasmodium falciparum, reponse qui ne spit 
i pas g^n^tiquemeht Iimit4e ou ne le soit que peu, et compreniarit une quantity immuno^^^ 
efficace du conjugui conforme a la revendicatipn 5. 

Revendications pour les Etats cpntractants sufvants : ES, GR 


1. Proo^dd de preparation de peptides synth^tiques capables de provoquer la proliferation de lymphocy- 
; tes Th humajns en association ayec diff^rentes mpldcules du; complexe irnajeur d'histocompatibilite 
30 i ; humain, et presehtaht rune des sequences suivantes d'acides iamines : 

H-Glri-Ty^ ; 
H-Lys- Ala-Asn-^^^^ 

H-Gln-Phe^liic^ 

45 : 

H-Gln-T^Tjne<j 

^^^^I^^ ? P '® peptide syrithetique;; 

'■:0' y: -y youlu en pfiase solide|idahs un appareil dej synthese ;autbm^ d'une r^sinb pplyacryi^ : 

; jairiide du: commercev en introduisant un- p^r un,^^ p^ d'acylation, ies acideis amines 

: r;^:; ii; vQutuei; en symj^trique.cbrre^pbndant ou 

56 :; v ^^^ ester-:: cbrrespbndant. :a^^^ en a. le groupe N-terminal et les 
: : grbupe^^^^ dans la cKaTne lat^rale, ^ sSparerle peptide fornriS de la rdsine et^ 

.;: ■ 1: : . yleiipurifibr; -./^ ;■ •'. V;.; , . „■ <■ \ [. - y ■ - ^ ,■' ■,. : ' ■ 'J! . i " ' /- ?' ; ■: ■ ; 
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2. Proc0d6 de preparation d'un conjugui§ irnmiindg^he. c^act6ris# en que Ton prepare ce, conjugu^ ; ; 
par cohjugeiisoh entire un peptide syhtfii^tique support pri§sentant I'gne des sequences suivantes 
t;; • ■ ■ ■ •: d'acides amines"; - ; " . - • . ■ . ■ -f ■ ; . - 

^ H-Gly-Glu-De-Gly-Asn-A ; 

\i ff^ i:;-;;,^ eH-Gln-Phe-^ ; ; 

;\;T H-pln-T^r-ne-Gto 

: : ■ : et un haptdne, peptide syhth^tique ou naturel ou pblysaccharide, derive d'un agent pathog§he 

> :: : : : int6ressant. ■ ' ■ . ' ^v. . :;. 

30 3, Precede conformed la revendlcation 2, dans lequel I*hapt5ne derive de virus ou de bact^ries, 

: 4, Pr6c6de conforme h la revendlcation 3, dans lequel rhapfene est une molecule de polysaccharide . 
derive de pneumbcoques, de meningqcoques, d'Haempphilus influenzae, d'Escherichia coll, ou de 
• /. : strepfecoques herrioiytiques. ' ■'" . . / 

. 5, Precede conformed la revendicatlon 2. dans lequel rhapt^he est ur^ peptide synth^tique pr^sehtant la : 

■■ /■ ■■ rS^: / ■ . • sBquenco I \r--\ \ :, y-; y . ■ ; ■ ■ < :yf^y.-'. . - v' : : ' ■■\ V . . 

yl:%:'/'tyy:^'-:\y!daT\s laquelie ri.vaut entre.3et 40.; . 

^^^'^^^;^^^:^;^^^^ Procede de preparation d'un ;v;accin synthetique, capable de provpqubr en reponse chez I'hoinrtrne la 
production d'anticprps protecteurs centre un agent paithogene interessant, r^ponse qui ne soit pas 
45^^ - g llmitee ou ne le soit qub peti; caracterise en be qUe Ton coiiribine erisennble (a) uhe 

physiologiquement accejptable. ainsi qu'eVentue^ 

t^C..'r:7.: Precede de preparation d'un yaccin ahtimalarique synthetjque, capable dp: provo^ 

^ la production d*anticorps protecteurs centre des infections . causees par Plasmodium : falcipar 

: ■ I ii^ponse qui rie sojt p^as^^g^ ou: ne le ispitiqup compreriant igne^ 

: ; immuriolpgiquement efficace du cofiyugue prSf^ sejon la re^/endicatib^^^^ 
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